. Uptake of inosine, adenosine and hypoxanthine in working and resting skeletal muscle A 2.5pCi dose of CIhypoxanthine was injected into the inferior vena cava of Nembutalanaesthetized mice. In one set of experiments the hamstring group of muscles was stimulated via sciatic nerve (5 Hz with 0.3 ms 20V pulses) immediately after injection of the radioactive material. Muscle samples were taken 2min after injection by freezeclamping in situ with small stainless-steel blocks pre-cooled in liquid nitrogen. A blood sample was taken immediately from the vena cava. Radioactivity in the trichloroacetic acid/methanol extract was determined. The results are expressed as means +_ S.E.M. with the numbers of observations in parentheses. Table 1 shows the results of uptake experiments; similar amounts (approx. 20% of the injected material) of inosine, hypoxanthine and adenosine were absorbed over a 2min period in relaxed muscle. When the experiment was repeated with muscle stimulation, there was a statistically significant (P = 0.024) 60% increase in inosine uptake, but no significant change in adenosine or hypoxanthine uptake. This enhanced inosine uptake was not due to higher concentrations of radioactive purine in the blood: the [ '*C]inosine concentration was lower in the blood of animals whose sciatic nerves had been stimulated, although not significantly so.
Experimental
These results are unexpected, since exercising muscles are thought to lose purines (Nasrallah & Al-Khalid, 1964; Bern et al., 1971) rather than take them up. One cannot be certain that the increase in muscle radioactivity during incubation with [ 14C]purine indicates a net uptake of that purine; unfortunately the low radioactivity in the sample made specific-radioactivity determination extremely difficult. Nevertheless, the increase in muscle radioactivity when stimulation was performed in the presence of [14Clinosine, and the absence of such an effect in the presence of the similar compounds adenosine and hypoxanthine, suggests that a specific uptake of inosine took place.
The application of ,IP n.m.r. spectroscopy to the study of intact anaesthetized animals has made it possible to measure intracellular pH (pH,) and the concentrations of a number of metabolites repeatedly and non-invasively in a single animal. We have designed a probe in which it is possible to stimulate the hamstrings group of muscles in a mouse hind leg while collecting 31P n.m.r. spectra. Using this probe we have compared the response of normal (C5J and phosphorylase kinase-deficient muscle to exercise. Phosphorylase kinasedeficient muscle has been shown to break down glycogen rapidly during exercise, although it forms no phosphorylase a (Danforth & Lyon, 1964; Rahim et al., 1980) . The mechanism by which phosphorylase b is activated in these muscles is not entirely clear, but a very rapid formation of the allosteric activator IMP in the first few seconds of a tetanus has been demonstrated (Rahim et al., 1980) . Since IMP is 601st MEETING, ABERDEEN formed by deamination of AMP, there is a consequent formation of ammonia and, in tetanic contraction, a rise in pH (Lutaya et al., 1981) .
In the present experiments we have used a gentler and more physiologically appropriate .intermittent contraction regime and measured pH, by IIP n.m.r.. Alkalinization (i.e. pH, > 7) has not been shown, but the phosphorylase kinase-deficient muscle maintained a higher pH, than normal, presumably because ammonia formation counteracted acidification due to lactate formation. Electrical stimulation of the sciatic nerve was by platinum electrodes applying 25 V/100Hz/0.3 ms square wave pulses. Trains were applied for 0.1 s every Is, and isometric contractions were induced for 16 min. Four spectra were obtained over the period from blocks of 250 pulses; the acquisition of n.m.r. data occurred over a period of 360ms in the midpoint between successive trains. Transmission of radio frequency noise into the probe by the electrode wires was minimized by a low-pass filter at the base of the probe and high-frequency stops at a point close to the electrodes. The degradation of the n.m.r. signal was < 10% during stimulation.
Both in normal and phosphorylase kinase-deficient mice there was a rapid fall in the phosphocreatine peak and rise in the P, peak after 2min exercise; the peak associated with sugar phosphates and nucleoside monophosphates showed a smaller increase. After 6 min exercise these parameters began to revert to their normal levels (not shown).
Intracellular p H (pH,) was measured from the chemical shift of the P, peak (Iles et al., 1982) and is shown in Fig. 1 . In both mouse strains it fell to a minimum at 6min exercise and then began to rise. At all times the means for normal-C,,-mouse pH, values were significantly below those in resting muscle ( P = 0.0006, 0.0002, O.ooOo2 and O.ooOo1 for 2, 6, 10 and 14 min exercise respectively). In the case of ICR/IAn phosphorylase kinase-deficient mice, only the values at 2 and 6min exercise were significantly lower than the relaxed muscle value; P = 0.02 and 0.001 respectively. The pH, values in relaxed muscle were not significantly different between the two groups. During exercise the ICR/IAn-mouse muscle always had a significantly higher pH, (P=O.OOOI, O.OOO4, O.OOO1 and 0.001 at 2, 6, 10 and 14 min respectively).
These data show that pH, is maintained at a higher value in phosphorylase kinase-deficient muscle, even during prolonged gentle exercise. The rise in pH, in prolonged exercise probably reflects a change from anaerobic to aerobic respiration, with less lactate production. It is worth comparing Fig. 1 with the data of Lutaya et al. (198 I) , who used two other methods to measure pH,, albeit in a more vigorous exercise regime. The transient alkalinization they observed was not found in the present study; this could have found alkalinization for only approx. 30s of tetanus, whereas our first data-point is the midpoint of data acquired in the first 4 min.
The intravenous injection of heparin into the rainbow trout results in the appearance of lipoprotein lipase (EC 3.1.1.34) in the plasma (Skinner & Youssef, 1982) , suggesting that the uptake of lipid by the tissues occurs, as in mammals, through the action of this enzyme acting on the triacylglycerol moiety of the chylomicrons and very-low density lipoproteins. It has also been demonstrated, however, that the feeding of fatty acids or triacylglycerol to trout or carp, respectively, leads to a transitory VOl. 11 rise in the plasma concentration of non-esterified fatty acid (Robinson & Mead, 1973; Kayama & Iijima, 1976) , indicating that some tissues may take up lipid in the post-absorptive state as non-esterified fatty acids rather than by the above mechanism. The present investigation considers the ability of different tissues of the rainbow trout, a freshwater teleost, to utilize circulating triacylglycerol.
Rainbow trout (15&25Og), maintained on a standard diet of commercial fish pellets, were anaesthetized with 0.03% (w/v) MS 222 (ethyl m-amino benzoate methanesulphonate; Sigma) and then killed by a sharp blow to the head. Tissues were excised immediately, washed in ice-cold 0.15 M-NaCI and used for the preparation of fresh extracts or acetone/ether-dried powders
